Potassium sorbate (PS) (0.5%, 1.0% and 1.5% w/w) was included into whey protein 26 concentrate (WPC)/glycerol (Gly) edible films at pH 5.2 and 6.0. The films inhibited or 27 retarded the growth of Shiga toxin producing Escherichia coli (STEC) pathogens in both 28 diffusion and barrier tests. Bacterial growth inhibition was dependent on PS content at both 29 pH values. PS release was not affected by pH. Scanning electron microscopy ( 
Introduction
g/plate) were casted by pipetting the solution into sterile 90 mm diameter plastic plates. Theplates were dried for 2 h at 45 ºC plus 24 h at 25 ºC and 48 ± 4% relative humidity, after 141 which the films were peeled from the plates and stabilized during 24 h at 25 ºC and 48 ± 4% 142 relative humidity. The films used in the different tests were selected based on the lack of 143 physical defects such as cracks, bubbles and holes. 144 145
Film thickness 146
The thicknesses of three replicates of each film formulation were measured with an electronic 147 digital disk micrometer (Schwyz ® , China) at nine locations on the film to the nearest 0.001 148 mm. Average film thickness was 0.137 ± 0.030 mm. 149 150
Transparency 151
Film transparency was determined according to ASTM D1746 (ASTM, 1997) with 152 modifications of the method described by Ozdemir & Floros (2008) . The films were cut into 153 rectangular pieces (10 mm x 30 mm) and placed on the internal side of a spectrophotometer 154 cell. Transparency of films was measured using a spectrophotometer Jasco 155 International, Tokyo, Japan) at 560 nm. Five replicates of each film were tested. The 156 transparency (% Transparency) was calculated as the percentual relationship between the lightaccelerating voltage of 20 kV. Magnifications of 500 and 1000 were used. 166 167
Bacterial strains and growth conditions 168
Eight non-O157 STEC strains isolated from ready-to-eat food samples obtained from 169 supermarkets and shops selling in Rosario (Argentina) were kindly provided by Balagué et al. 170 (2006) as test microorganisms (Table 1 ). E. coli O157:H7 ATCC 43895 from the American 171
Type Culture Collection which expresses the Shiga toxin genes stx1 and stx2 was used as a 172 control. All strains were maintained at -70 ºC in TSB containing 10% (v/v) glycerol and 173 subcultured overnight in CLDE at 37 ºC before use. 174 175
Inhibitory activity of PS in liquid media
bacterial strain was adjusted to McFarland 0.5 standard in saline solution (approximately 5 x 180 10 7 cfu/ml) and used as test inoculum. One ml of the bacterial inoculum was added and mixed 181 with 1 ml of each PS solution in Mueller-Hinton broth adjusted at pH 5.2 or 6.0. The PS 182 concentrations evaluated were 0.3125, 0.625, 1.25, 2.5, 5.0, 10 and 20 mg/ml. A control tube 183 without PS was inoculated to test microbial growth and a tube containing only broth medium 184 was evaluated to discard possible contaminations. All tubes were overnight incubated (~18 h) 185 at 37°C. The MIC values were estimated as the lowest concentration of PS that completely 186 inhibits growth of the microorganism in the tubes as detected by the unaided eye. Growth 187 control tubes to assess MIC end points were also evaluated. Hinton agar (pH 5.2). Then, 10 µl inoculum for each strain were seeded on the film discs. 208
Next, 10 µl of TTC (30 mg/ml) were added into each well to color the bacterial colonies. 209
Microplates were incubated at 37 ºC for 24 h until naked eye observation. Experiments were 210 performed in triplicate. 211 212
Determination of sorbate release from WPC/Gly edible films
To analyze sorbate release, WPC/Gly films containing 1.5% PS (to enhance detection 214 sensibility) were cut in 12 mm diameter discs using a cork borer. The discs were placed on the 215 surface of Petri dishes containing 10 ml of Mueller-Hinton agar broth acidified to pH 5.2 with 216 1.0 N HCl. After 1 h, 3 h, or 18 h of incubation at 37 ºC films disc were removed and the 217 change in PS concentration with time in the film was determined. The initial amount of PS 218 per disc was also evaluated. Each PS-containing WPC/Gly disc was immersed in 4 mL 0.01 N 219
HCl solution, homogenized (1 min; 20 000 rpm) with an Omni GLH homogenizer (Omni 220
International Inc., Warrenton, Virginia, U.S.A.) and 10 min sonicated. Samples (30 µL) were 221 diluted to 3.0 mL with 0.01 N HCl. Potassium sorbate concentration of the collected samples 222
were measured at 254 nm with a UV-Vis spectrophotometer (Model V-530, Jasco
Results and Discussion
use as see-through packaging; however, exhibited a slightly yellowish color probably because 240 the presence of contaminants (i.e. lactose, lipids and minerals) in WPC. Their surfaces 241 appeared smooth, without visible pores or cracks. Appearance of the film side facing the 242 casting plate was shiny, while the film side exposed to air was dull; Ramos et al. (2013) 243 reported that this is likely an indication of some phase separation occurring in the solution 244 during drying. Films incorporated with PS, at both pH, were easily separated from the casting 245 plate than control films without preservative. Furthermore, when PS concentration was 246 increased in the film-forming solutions, WPC/Gly films flexibility improved. These 247 observations may be explained because this additive has an additional effect as plasticizer on 248 film matrixes (Famá, Rojas, Goyanes & Gerschenson, 2005) . The plasticizer molecules lead 249 to decreases in intermolecular forces along the polymer chains, thus improving flexibility, and 250 allowing an easier removal from the forming support (Karbowiak et al., 2006; Hernandez-251 Izquierdo & Krochta, 2008) . Films showed an average thickness of 0.137 ± 0.030 mm, which 252 is similar to those reported by other authors using similar formulations (Soazo et al., 2010; 253 Ramos et al., 2013) . 254 255
Film transparency 256
It is important to notice that when an edible film is intended to be used as a superficial layer 257 on food surfaces, transparency is an interesting attribute that contributes to consumer 258 acceptability. In general, films obtained in this study were rather transparent. However, in the 259 absence of PS, films obtained at the acidic pH value of 5.2 were substantially less transparent 260 than films obtained at pH 6.0, presumably due to a partial proteins precipitation when pH is 261 close to the isoelectric point of whey proteins (pI ≈ 5) (Fig. 1) . Film formation from proteinsis believed to proceed through the formation of a three-dimensional network of protein 263 molecules by ionic, hydrogen, hydrophobic, and disulfide bonds. At pH 5.2 proteins are 264 mainly in the zwitterions form; i.e., a neutral molecule with a positive and a negative 265 electrical charge at different locations within that molecule. At this state, near the pI, the 266 solubility of a protein is negligible because its net charge is zero and any electrostatic 267 repulsion disappears. This fact supports the idea that film transparency could decrease at 268 acidic pH due to protein aggregation. Our results correspond well this phenomenon in 269 WPC/Gly films without PS. Interestingly, the addition of 0.5%, 1.0 % and 1.5% of PS 270 significantly improved the transparency of WPC/Gly films when compared to control films 271 without PS at pH 5.2. Under acidic conditions, protein molecules in film-forming solutions 272 are partially unfolded due to the protein denaturation and their hydrophobic groups are 273 exposed (Kristinsson & Hultin, 2003; Hamaguchi, Yin & Tanaka, 2007) . So, the organic 274 sorbate molecule could interact with the amino or hydroxyl groups on non-crosslinked protein 275 through covalent bonds and thus leading to an increase in transparency (Fig. 1) . This effect 276 was also observed in analogous experiments performed by our group where incorporation of 277 sodium benzoate or sodium propionate in WPC/Gly acidic film obtained at pH 5.2 improves 278 transparency (David, 2012; unpublished undergraduate thesis data). So, this phenomenon 279 seems to be independent of the organic salt and its concentration, and is probably more related 280 to hydrophobic interactions between the organic chain and the unfolded protein matrix 281 structure. 282 283
Scanning electron microscopy 284
Our observations on films transparency are supported by SEM images. As we can see in Fig.  285 surface when compare with that of the acidic control films obtained at pH 5.2. These 287 observations correspond well with the fact that whey protein particles formed at pH values 288 near the pI had a cauliflower-like appearance giving rise to macroscopic gels with 289 heterogeneous microstructure formed of larger pores (Sağlam, Venema, de Vries, Aelst & 290 Linden, 2012) . Langton & Hermansson (1992) showed that whey protein gels formed 291 between pH 4 and 6 were opaque and had a particulate network which can be described as a 292 network consisting of aggregated particles. These authors also reported that the size of those 293 aggregates changed to denser and well-packed aggregates when the pH increased. So, when 294 pH values are far from the pI the microstructure of whey proteins macroscopic gels present a 295 homogeneous surface with relatively small pore sizes distributed regularly through the protein 296 network (Langton & Hermansson, 1992; Sağlam et al., 2012) . SEM images presented in Fig.  297 2 (A and B) agree with these previous experiences, while changes observed in the 298 microstructure of the WPC/Gly films incorporated with PS suggest that interactions between 299 protein chains and the organic acid contribute to improve the structural arrangement of the 300 compounds, and thus could enhance film transparency. 301 302
Inhibitory activity of PS in liquid media 303
Our MIC data showed that the PS concentration needed to inhibit microbial growth in a liquid 304 medium at pH 6.0 was 2-4 levels higher than at pH 5.2 for all the STEC analyzed (Table 2) . 305
These results confirm that the unprotonated-protonated ratio in the liquid medium was 306 relevant for the antimicrobial ability of the organic acid. PS is a weak acid (pKa 4.76) which 307 is more effective in the undissociated form due to its increased capability to penetrate the 308 bacterial plasmatic membrane (Luck & Jager, 1997) is included in a complex matrix, such as an edible film over a solid media (e.g., agar or food), 313 both the pH of the film matrix and the food model system must be considered in order to 314 improve the effectiveness of the antimicrobial film. Therefore, these antimicrobial-containing 315 films would appear to be best suited for foods that have acidic pH values. 316 317
Inhibition zone assay of WPC/Gly films containing PS in agar media 318
The acidic condition of the media (pH 5.2) for the inhibition zone assay was selected to 319 provide a pH value similar to those reported for several foods, like cheeses and meats (Casp 320 necessity to optimize the formulations of edible films containing antimicrobials for ahave proved that the addition of various lipids or modification of the type and amount of 364 plasticizer used in whey protein films composition can lowered the diffusion coefficients of 365 PS or sorbic acid to release the antimicrobial at a desired rate that would be advantageous in 366 some specific applications (Ozdemir & Floros 2001; Ozdemir & Floros, 2003; Franssen, 367 Rumsey & Krochta, 2004) . Hence, further research are necessary to adequate film coating 368 composition and preservative concentration to obtain films with a satisfactory antimicrobial 369 activity within the accepted policies for food care that ensure microbial control and human 370 safety, in order to reduce the total amount of preservatives in foods. 371
372

Conclusion 373
The addition of PS to WPC/Gly-based films prepared at two different pH values (5.2 and 6.0) 374 led to inhibit the growth of STEC pathogens obtained from food samples. Our results on real 375 pathogenic isolates correlate well with related studies demonstrating that WPC may be a 376 reliable material for the elaboration of acidic antimicrobial edible films. Antimicrobial 377 effectiveness of WPC/Gly film incorporated with PS seems to be more associated to media 378 pH than to film pH because the acid-base behavior of the organic acid once liberated from 379 films. Acidic status of edible films and foods where coating will be applied are important 380 parameters to consider for optimizing films as food package because some restrictions may 381 exist due to changes in the structural, mechanical or optical properties of whey protein film 382 caused by pH. In our study, WPC/Gly films incorporated with PS proved to be transparent 383 and clear enough to be use as see-through packaging. The utilization of whey proteins and 384 low organic acids concentrations to inactivate post-processing contaminants on ready-to-eat 385 foods may be an effective, safe, ecological and relatively inexpensive alternative. However, 386 formulations of antimicrobial edible films must still be optimized to adequate the preservativeprotein purity and glycerol content upon physical properties of edible films manufactured 512 therefrom. Food Hydrocolloids, 30(1), 110-122. 513 Reilly, A. (1998) 
